stems from the localization of urease and ATPase in the cytoplasm and membrane, respectively, of ureaplasmas (3, 6) . At physiological pH, urea is uncharged and presumably permeates the cell membrane freely. When hydrolyzed inside the cell, it yields C02 and ammonia, which, at physiological pH, accepts a proton, becoming the ammonium ion (NH4+). It is supposed (3) that charged ammonium ions diffuse very slowly across the membrane, producing an ion gradient and a membrane potential which drives ATP formation through membranebound ATPase. We have subjected this hypothesis to experimental control by testing whether urease activity in ureaplasmas is actually coupled to ATP formation.
The strain of Ureaplasma urealyticum studied was P 108. The organisms were grown, harvested as previously reported (6) As shown in Fig. 1 , the addition of urea to resting-Ureaplasma cells resulted in its hydrolysis and in a rapid increase in the intracellular level of ATP, followed by a somewhat slower decline. The ATP peak level was attained after 60 s, and within 3 to 4 min, ATP concentration returned to the starting level, whereas urease activity still proceeded at a maxial rate. ATP formation requires the concomitant activity of both cytoplasmic urease and membrane-bound ATPase. Thus, in cells exposed to either DCCD, a specific inhibitor of ATPase, or acetohydroxamic acid, a specific inhibitor of urease, ureainduced ATP formation was almost completely suppressed ( Fig. 2A and B) .
According to the chemiosmotic hypothesis (4) , the synthesis of ATP occurs only when there is a concomitant movement of protons into the cells via ATPase. Therefore, ATP synthesis is expected to be blocked or reduced by conditions that provide alternate routes for proton entry. In agreement with this prediction, it was found that the treatment of Ureaplasma cells with CCCP, which renders membranes highly permeable to protons, resulted in a consistent reduction of urea-induced ATP formation (Fig. 20) .
Since the proton motive force consists of an electrical component (A4) and a chemical component (ApH), both of which can energize ATP synthesis, we investigated the role of each in urea-induced ATP formation by ureaplasmas. The electrical component can be studied with valinomycin, which mediates the electrogenic movement of K+. In the presence of this substance, a countercurrent of potassium ions neutralizes the membrane potential without interfering with the pH gradient. Thus, if urea-in- duced ATP formation depends on a membrane potential produced by NH4' diffusion across the membrane, the addition of valinomycin in the presence of a large amount ofexternal K+ should maintain the membrane potential of Ureaplasma cells at a low value, thereby blocking or reducing ATP synthesis. That is not the case, since urea-induced ATP fonnation by Ureaplasma cells exposed to 20 juM valinomycin in the presence of 100 mM external K+ attained the same levels as in control (unexposed) celLs. The same results were obtained by exposing Ureaplasma cells to 10 mM triphenylmethylphosphonium ion, a lipid-soluble cation whose uptake occurs in response to a AA' (data not shown).
In contrast, severe reduction in ATP synthesis was observed when urea-hydrolyzing celLs were incubated at higher pH, a condition which is expected to reduce the chemical potential difference across the membrane generated by ammonia production inside the cell. By raising the external pH from 6.0 to 7.5, ATP synthesis was almost completely suppressed in spite of a slight initial enhancement in urease activity (Fig. 3A) . This result indicates that urea-induced ATP synthesis is very sensitive to the ratio of internal to extemal hydrogen ion concentration and that its optimum is attained when the external pH is rather acidic. By asuming that ATP synthesis is driven by a ApH, it should be expected that a weak acid which crosses the membrane in the uncharged form and accumulates in response to the pH (inside alkaline) will lower the chemical gradient and reduce ATP synthesis. Evidence supporting this statement comes from the finding that ureaplasmas exposed to 200 mM acetic acid underwent a 50% reduction in ATP synthesis (Fig. 3B) . Additional evidence for linking ATP synthesis to ApH was obtained by the use of nigericin, which mediates electrically neutral K+/H+ antiport. As shown in Fig. 3C , Ureaplasma cells preloaded with K+ and incubated with acetohydroxamic acid showed a significant reduction in ATP synthesis when exposed to 20 tuM nigericin. Due to the high content of ammonia generated inside the cells after urea hydrolysis (about 0.08 mmol/mg of protein per min), reduction of urease activity by acetohydroxamic acid was required for observing nigericin effects.
Taken together, these results suggest that the chemical potential is the major driving force for ATP synthesis in urea-hydrolyzing Ureaplasma cells. It can be hypothesized that after urea hydrolysis, the intracellular pH increases sharply, creating a chemical potential difference across the membrane which enables the entry of protons via membrane-bound ATPase. This would also give an explanation for the finding that urea-hydrolyzing cells show only a transient increase in ATP levels. The rapid diffusion of ammonia outside the cell, by raising the extemal pH ( Fig. 1) , would reduce the chemical gradient and lower the proton motive force. This, in turn, would depress ATP levels since these are determined by the balance between synthetic and degradative reactions.
